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BLIND INTERFERENCE MITIGATION IN A 
DIGITAL RECEIVER 

REFERENCE TO PRIORITY APPLICATION 

[0001] This application claims priority under 35 U.S.C. § 
119(e) to US. Provisional Application Ser. No. 60/748,118, 
?led Dec. 6, 2005, entitled “GMSK Single Antenna Inter 
ference Cancellation for Digital Receivers,” incorporated 
herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to Wireless 
communication systems and more particularly relates to an 
apparatus and method of single antenna interference sup 
pression for use in digital receivers. 

BACKGROUND OF THE INVENTION 

[0003] In recent years, the World has Witnessed explosive 
groWth in the demand for Wireless communications and it is 
predicted that this demand Will increase in the future. This 
groWth is both in the number of subscribers, and in the 
bandWidth and services provided to each subscriber. As an 
example of the increased use of cellular services, the number 
of GSM subscribers around the World alone Was recently 
reported to exceed 2.2 billion and is groWing constantly. One 
in three people around the World noW have a mobile phone 
and in some developed markets mobile penetration has 
already approached 100%. It is predicted that by 2010 there 
Will be over 5 billion individual Wireless subscribers World 
Wide. 

[0004] In some countries, the number of cellular subscrib 
ers already exceeds the number of ?xed line telephone 
installations. In many cases, the revenues from mobile 
services exceeds that for ?xed line services even though the 
amount of traf?c generated through mobile phones is less 
than in ?xed netWorks. 

[0005] Other related Wireless technologies have experi 
enced groWth similar to that of cellular. For example, 
cordless telephony, tWo Way radio trunking systems, paging 
(one Way and tWo Way), messaging, Wireless local area 
netWorks (WLANs), Wireless local loops (WLLs), WiMAX 
and Ultra Wideband (UWB) based MANs. 

[0006] Currently, the majority of users subscribe to digital 
cellular netWorks. Almost all neW cellular handsets sold to 
customers are based on digital technology, typically third 
generation digital technology. Currently, fourth generation 
digital netWorks are being designed and tested Which Will be 
able to support data packet netWorks and much higher data 
rates. The ?rst generation analog systems comprise the Well 
knoWn protocols AMPS, TACS, etc. The digital systems 
comprise GSM/GPRS/EGPRS, TDMA (IS-136), CDMA 
(IS-95), UMTS (WCDMA), etc. Future fourth generation 
cellular services are intended to provide mobile data at rates 
of 100 Mbps or more. 

[0007] One of the side effects of the groWing number of 
subscribers is an increase in the interference in cellular 
netWorks. Stray signals, or signals intentionally introduced 
by frequency reuse methods, can interfere With the proper 
transmission and reception of voice and data signals Which 
causes decreased capacity. The constant increase in the 
deployment of cellular netWorks increases both the levels of 
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background interference and interference due to co-channel 
transmission. For typical cell layouts, the major source of 
noise and interference experienced by GSM communication 
devices When the netWork is supporting a non-trivial number 
of users is due to co-channel and/or adjacent channel inter 
ference. Such noise sources arise from nearby devices 
transmitting on or near the same channel as the desired 

signal, or from adjacent channel interference, such as noise 
arising on the desired channel due to spectral leakage. 

[0008] In GSM netWorks, frequency reuse in nearby cells 
causes a mobile terminal to receive in its doWnlink channel 
both the designated transmission from its base station, and 
an interfering signal from a nearby base station. An equiva 
lent e?cect also occurs in the uplink channel at the base 
stations receivers. This is referred to as co-channel interfer 
ence and is becoming more and more in?uential With the 
increase in the number of users per each cell and With the 
decrease in cell siZe. The effects of co-channel interference 
can severely damage the receiver performance and can result 
in decreasing the capacity of the entire netWork. 

[0009] A diagram illustrating an example cellular netWork 
including a plurality of EDGE transmitters and receivers and 
GMSK transmitters generating co-channel interference is 
shoWn in FIG. 1. The example cellular netWork, generally 
referenced 10, comprise EDGE transmitters 12, GMSK 
transmitters 14 and a GMSK receiver 16. The plurality of 
EDGE transmitters and GSM transmitters generate co-chan 
nel interference at the EDGE receiver 16. 

[0010] This interference from these noise sources is 
sensed in both mobile terminals and base stations. In areas 
With dense cellular utiliZation a severe degradation in net 
Work performance is reported due to this effect. Further 
more, cellular operators With loW netWork bandWidth are 
forced to loWer the reuse factor in their netWorks Which 
further increases the rate of channel co-transmissions. The 
problem of co-channel transmissions poses a disjoint prob 
lem for both the receiver at the base station and the receiver 
at the mobile station. 

[0011] For the base station the co-channel interference 
problem is considered easier to handle than in the case of 
mobile terminals. One reason for that is that the higher cost 
of base station equipment permits the insertion of complex 
receivers to combat the sensed interferences. The receivers 
in the base station (1) incorporate algorithms With higher 
levels of complexity, (2) can have higher poWer consump 
tion, etc. Another reason the co-channel interference prob 
lem is considered simpler in the base station than in the case 
of mobile terminals is that the base station can utiliZe better 
antennas or arrays of antennas referred to as smart antennas 

to help deal With the problem of co-channel interference. 
Although smart antennas will affect the cost of the base 
station, its main impact is in the physical siZe of the antenna. 
Due to the siZe of the smart antenna, its use With mobile, 
portable cellular equipment is severely limited. Its use With 
base stations, hoWever, is not limited considering the static 
relatively large siZed antennas permitted for base stations. 
The siZe of base station antennas is practically unbounded 
and therefore the usage of smart phased array antennas is 
possible. This enables the use of receive diversity techniques 
With multi user separation capability. 

[0012] In the mobile terminal, on the other hand, both 
complexity and siZe are crucial factors in the applicability of 
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interference combating solutions. The applicability of inter 
ference combating solutions is usually determined by 
aspects of siZe, poWer consumption and cost. Solutions 
consisting of complex algorithms typically increase the 
computational complexity and memory usage at the receiver 
resulting in increased poWer consumption and silicon real 
estate. The former reduces the applicability of the solution 
for a mobile terminal While the latest increases the terminal 
cost, both of Which are unfavorable. Further, complex anten 
nas are usually less applicable at mobile terminals due to 
physical limits affecting the siZe and placement of antennas 
over the mobile terminal and the associated increased cost. 
The tiny siZe of pocket-sized mobile terminals today sub 
stantially limits the expected effectiveness in choosing a 
smart antenna solution, leaving them for base station appli 
cations only. 

[0013] Therefore, in order for cellular netWorks to remain 
effective, there is reneWed interest in simple interference 
reduction solutions that are applicable With a single antenna 
input. The term single antenna interference cancellation 
(SAIC) has been coined Which refers to interference reduc 
tion solutions applicable With a single antenna input. 
Recently the term SAIC has evolved into the term doWnlink 
advanced receiver performance (DARP). Both these terms 
represent a class of neW algorithms intended to reduce the 
effect of co-channel interference at mobile receivers. 
Recently, there is great interest in developing an effective 
interference reduction solution With regards to GSM net 
Works especially for voice applications. This is because the 
coverage of GSM services is expected to increase greatly 
and it is expected that GSM transmissions from neighboring 
cells Will be appear as co-channel interference. 

[0014] Numerous SAIC solutions have been suggested. 
These prior art solutions to the problem can generally be 
divided into tWo classes: (1) joint solutions and (2) blind 
detection. The ?rst class is based on joint detection in Which 
both the signal and the interferer are demodulated at the 
receiver. Joint solutions can yield improved performance but 
are usually less appealing due to the folloWing reasons: (a) 
they are usually computationally expensive, (b) they 
demand information on the timing of the interferer (e. g., the 
joint approach requires a certain level of synchronization for 
the cellular netWork Which is not trivial to provide) and its 
training sequence, (c) they usually require a replacement of 
the standard channel equaliZer by a special type of equaliZer 
referred to as a joint equaliZer. 

[0015] The second class refers to solutions based on blind 
detection Which model an interferer as noise With a complex 
statistical nature. Blind solutions are usually less computa 
tionally expensive. An advantage of blind solutions is that 
they do not require a priori knoWledge about the timing and 
training sequence of the interferer signal. In addition, they 
can conform to the current trend in the cellular communi 
cation industry Which prefers solutions that can be imple 
mented as an add-on unit inserted into a conventional 
receiver. 

[0016] Many prior art interference cancellation techniques 
have focused on adjacent channel suppression Which uses 
several ?ltering operations to suppress the frequencies of the 
received signal that are not also occupied by the desired 
signal. Co-channel interference techniques, such as joint 
demodulation, generally require joint channel estimation 
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methods to provide a joint determination of the desired and 
co-channel interfering signal channel impulse responses. 
Given knoWn training sequences, all the co-channel inter 
ferers can be estimated jointly. Joint demodulation, hoWever, 
consumes a large number of MIPS processing, Which limits 
the number of equaliZation parameters that can be used 
ef?ciently. Moreover, classical joint demodulation only 
addresses one co-channel interferer, and does not address 
adjacent channel interference. 

[0017] Thus, there is a need for a Single Antenna Inter 
ference Cancellation (SAIC) solution for reducing the effect 
of co-channel interfering signals that does not require a 
priori knoWledge of the interferers, is suitable for imple 
mentation in mobile handsets, is relatively simple to imple 
ment, does not have high MIPS consumption and does not 
signi?cantly increase cost. 

SUMMARY OF THE INVENTION 

[0018] Accordingly, the present invention provides a 
novel and useful apparatus for and method of Gaussian 
Minimum Shift Keying (GMSK) single antenna interference 
cancellation (SAIC) for use in a digital receiver. The inven 
tion comprises an interference mitigation module that func 
tions to treat the problem of GMSK SAIC in a blind manner. 
The resulting receiver With the interference mitigation mod 
ule incorporated therein exhibits high performance gain and 
loW computational complexity While overcoming the prob 
lems of the prior art. 

[0019] The interference mitigation mechanism of the 
present invention is suitable for use in many types of 
communication receivers, e.g., digital receivers. A receiver 
incorporating the interference mitigation mechanism of the 
present invention may be coupled to a Wide range of 
channels and is particularly useful in improving the perfor 
mance in GSM and other types of cellular communications 
systems, including but not limited to, Global Systems for 
Mobile communications (GSM), Code Division Multiple 
Access (CDMA, Time Division Multiple Access (TDMA), 
etc. Other Wireless communications systems that can bene?t 
from the present invention include paging communication 
devices, cordless telephones, telemetry systems, etc. These 
types of channels are typically characterized by fading and 
multipath propagation With rapidly changing channel 
impulse response. The interference mitigation mechanism of 
the present invention is operative to compensate for the 
co-channel interference added in the communications chan 
nel (e.g., cellular channel) Which is also subject to multipath 
propagation and fading, receiver ?lter and any pre-channel 
estimation ?ltering. 

[0020] To aid in illustrating the principles of the present 
invention, the apparatus and method are presented in the 
context of a GSM EDGE mobile station. It is not intended 
that the scope of the invention be limited to the examples 
presented herein. One skilled in the art can apply the 
principles of the present invention to numerous other types 
of communication systems as Well (Wireless and non-Wire 
less) Without departing from the scope of the invention. 

[0021] The present invention provides a novel class of 
algorithms for DoWnlink Advanced Receiver Performance 
(DARP) receivers. The proposed approach is based on a 
novel interference mitigation module that takes advantage of 
the spatial diversity making up multiple branches of the 
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received signal. The branches comprise the in-phase and 
quadrature elements of the received signal, the sampling 
phases if over sampling is applied (i.e. T/m sampling) and 
multiple antennas. The invention utilizes the spatial diver 
sity of these multiple representations of the signal and 
combines (i.e. collapses) the information in the plurality of 
branches into a single branch that is input to the equalizer. 

[0022] This document presents a DARP receiver capable 
of handling GMSK SAIC in a blind fashion Wherein the 
interfering signals comprise GMSK modulated signals. Note 
that throughout this document the term GMSK denotes both 
GSM and GPRS modulation schemes. The solution pre 
sented by the present invention is blind and is therefore 
su?iciently robust for use in many Well-known testing 
scenarios. It is noted that the blind receiver approach taken 
by the present invention is capable of improving the per 
formance of a reference receiver by 7 dB for a TU50 GSM 

test scenario. In addition, substantial improvements are 
observed for the case of unsynchronized netWork testing 
scenarios While the proposed algorithm does not reduce 
performance in conventional testing scenarios. Furthermore, 
the interference mitigation mechanism of the present inven 
tion enables receivers to meet the neW standard demand for 

DARP receivers. 

[0023] Many aspects of the invention described herein 
may be constructed as softWare objects that execute in 

embedded devices as ?rmware, softWare objects that 
execute as part of a softWare application on either an 

embedded or non-embedded computer system running a 
real-time operating system such as WinCE, Symbian, OSE, 
Embedded LINUX, etc., or non-real time operating systems 
such as WindoWs, UNIX, LINUX, etc., or as soft core 
realized HDL circuits embodied in an Application Speci?c 
Integrated Circuit (ASIC) or Field Programmable Gate 
Array (FPGA), or as functionally equivalent discrete hard 
Ware components. 

[0024] There is thus provided in accordance With the 
invention, an apparatus for interference mitigation in a 
digital receiver comprising a multiple input multiple output 
(MIMO) ?lter operative to generate a plurality D of diversity 
branches as a function of a spatially diverse input signal and 
a plurality of parameter vectors, each parameter vector 
associated With one of the diversity branches and a param 
eter calculation module operative to generate the plurality of 
parameter vectors against an optimization criterion having 
predetermined constraints. 

[0025] There is also provided in accordance With the 
invention, an apparatus for interference mitigation in a 
digital receiver comprising a multiple input multiple output 
(MIMO) ?lter operative to generate a plurality D of diversity 
branches as a function of a spatially diverse input signal and 
a plurality of parameter vectors, each parameter vector 
associated With one of the diversity branches, a parameter 
calculation module operative to generate the plurality of 
parameter vectors against an optimization criterion having 
predetermined constraints and a diversity combiner opera 
tive to combine the D diversity branches into a single 
branch. 
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[0026] There is further provided in accordance With the 
invention, an apparatus for interference mitigation in a 
digital receiver comprising a multiple input multiple output 
(MIMO) ?lter operative to generate a plurality D of diversity 
branches as a function of a spatially diverse input signal and 
a plurality of parameter vectors, each parameter vector 
associated With one of the diversity branches, a parameter 
calculation module operative to generate the plurality of 
parameter vectors against an optimization criterion having 
predetermined constraints and a spatial equalizer operative 
to generate a plurality of soft values as a function of the 

plurality D of diversity branches. 

[0027] There is also provided in accordance With the 
invention, an apparatus for interference mitigation in a 
digital receiver comprising a multiple input multiple output 
(MIMO) ?lter operative to generate a plurality D of diversity 
branches as a function of a spatially diverse input signal and 
a plurality of parameter vectors, each parameter vector 
associated With one of the diversity branches, a parameter 
calculation module operative to generate the plurality of 
parameter vectors against an optimization criterion having 
predetermined constraints, and to generate a channel 
impulse response for each the diversity branch, a diversity 
combiner operative to combine the D diversity branches into 
a single branch and to combine the D channel impulse 
responses into a single channel impulse response and an 
equalizer operative to remove intersymbol interference 
introduced by the channel from the single branch and to 
generate a plurality of soft values therefrom. 

[0028] There is further provided in accordance With the 
invention, a computer program product characterized by that 
upon loading it into computer memory an interference 
mitigation process is executed, the computer program prod 
uct comprising a computer usable medium having computer 
usable program code for mitigating interference in a digital 
receiver, the computer program product including, computer 
usable program code for implementing a multiple input 
multiple output (MIMO) ?lter operative to generate a plu 
rality D of diversity branches as a function of a spatially 
diverse input signal and a plurality of parameter vectors, 
each parameter vector associated With one of the diversity 
branches, computer usable program code for generating the 
plurality of parameter vectors against an optimization cri 
terion having predetermined constraints and computer 
usable program code for implementing a diversity combiner 
operative to combine the D diversity branches into a single 
branch. 

[0029] There is also provided in accordance With the 
invention, a radio receiver coupled to a single antenna 
comprising a radio frequency (RF) receiver front end circuit 
for receiving a radio signal transmitted over a channel and 
doWnconverting the received radio signal to a baseband 
signal, the received radio signal comprising an information 
component and an interference component, a demodulator 
adapted to demodulate the baseband signal in accordance 
With the modulation scheme used to generate the transmitted 
radio signal, an interference mitigation module comprising 
a multiple input multiple output (MIMO) ?lter operative to 
generate a plurality D of diversity branches as a function of 
a spatially diverse input signal and a plurality of parameter 
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vectors, each parameter vector associated with one of the 
diversity branches, a parameter calculation module opera 
tive to generate the plurality of parameter vectors and to 
generate the plurality of channel impulse responses corre 
sponding to each the diversity branch against an optimiza 
tion criterion having predetermined constraints, a diversity 
combiner operative to combine the D diversity branches into 
a single branch and to combine the D channel impulse 
responses into a single channel impulse response, an equal 
izer adapted to remove intersymbol interference introduced 
by the channel impulse response from the single branch and 
to generate a plurality of soft values therefrom and a decoder 
adapted to decode the output of the equalizer to generate 
output data therefrom. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The invention is herein described, by way of 
example only, with reference to the accompanying drawings, 
wherein: 

[0031] FIG. 1 is a diagram illustrating an example cellular 
network including a plurality of EDGE and GMSK trans 
mitters generating co-channel interference; 

[0032] FIG. 2 is a block diagram illustrating an example 
communications system constructed in accordance with the 

present invention; 

[0033] FIG. 3 is a block diagram illustrating the signal 
?ow of a typical GSM receiver demodulator; 

[0034] FIG. 4 is a block diagram illustrating the interfer 
ence mitigation module and equalizer of the present inven 

tion; 

[0035] FIG. 5 is a block diagram illustrating an example 
SAIC interference mitigation module and equalizer of the 
present invention; 

[0036] FIG. 6 is a block diagram illustrating the MIMO 
?lter of the present invention; 

[0037] FIG. 7 is a block diagram illustrating the MISO 
?lter of the present invention; 

[0038] FIG. 8 is a block diagram illustrating the parameter 
calculation metric of the present invention for a single 
branch; 

[0039] FIG. 9 is a block diagram illustrating the MISO 
?lter with over sampling and multiple antennas constructed 
in accordance with the present invention; 

[0040] FIG. 10 is a block diagram illustrating the diversity 
combiner of the present invention in more detail; 

[0041] FIG. 11 is a graph illustrating simulation results for 
a receiver implementing the interference mitigation mecha 
nism of the present invention with respect to a conventional 
receiver; 

[0042] FIG. 12 is a block diagram illustrating the process 
ing blocks of a GSM EGPRS mobile station in more detail 
including RF, baseband and signal processing blocks; and 

[0043] FIG. 13 is a block diagram illustrating an example 
computer processing system adapted to implement the inter 
ference mitigation mechanism of the present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

Notation Used Throughout 

[0044] The following notation is used throughout this 
document. 

Term De?nition 

8PSK 8 Phase Shift Keying 
AMPS Advanced Mobile Telephone System 
AMR Adaptive Multi Rate 
ASIC Application Speci?c Integrated Circuit 
AWGN Additive White Gaussian Noise 
BPSK Binary Phase Shift Keying 
CDMA Code Division Multiple Access 
CD-ROM Compact Disc Read Only Memory 
CPU Central Processing Unit 
CRC Cyclic Redundancy Check 
DARP Downlink Advanced Receiver Performance 
DFE Decision Feedback Equalizer 
DSP Digital Signal Processor 
EDGE Enhanced Data for Global Evolution 
EEROM Electrically Erasable Read Only Memory 
EGPRS Enhanced General Packet Radio System 
FEC Forward Error Correction 
FIR Finite Impulse Response 
FPGA Field Programmable Gate Array 
FTP File Transfer Protocol 
GERAN GSM EDGE Radio Access Network 
GMSK Gaussian Minimum Shift Keying 
GPRS General Packet Radio System 
GSM Global System for Mobile Communication 
HTTP Hyper Text Transport Protocol 
IID Independent and Identically Distributed 
ISDN Integrated Services Digital Network 
ISI Intersymbol Interference 
LAN Local Area Network 
LLR Log Likelihood Ratio 
MAN Metropolitan Area Network 
MIMO Multiple Input Multiple Output 
MIPS Millions of Instructions Per Second 
MISO Multiple Input Single Output 
MLSE Maximum Likelihood Sequence Estimation 
MMSE Minimum Mean Square Error 
MRC Maximal Ratio Combining 
MSE Mean Squared Error 
NIC Network Interface Card 
PSK Phase Shift Keying 
QAM Quadrature Amplitude Modulation 
RAM Random Access Memory 
RF Radio Frequency 
ROM Read Only Memory 
SAIC Single Antenna Interference Cancellation 
SIM Subscriber Identity Module 
SISO Single Input Single Output 
SNR Signal to Noise Ratio 
TACS Total Access Communications Systems 
TCH Transport Channel 
TDMA Time Division Multiple Access 
TSC Training Sequence 
UMTS Universal Mobile Telecommunications System 
USB Universal Serial Bus 
UWB Ultrawideband 
VA Viterbi Algorithm 
WAN Wide Area Network 
WCDMA Wideband Code Division Multiple Access 
WiMAX Worldwide Interoperability for Microwave Access 
WLAN Wireless Local Area Network 
WLL Wireless Local Loop 
WMF Whitening Matched Filter 
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Detailed Description of the Invention 

[0045] The present invention is an apparatus for and 
method of Gaussian Minimum Shift Keying (GMSK) single 
antenna interference cancellation (SAIC) for use in a com 
munications receiver. The invention comprises an interfer 
ence mitigation module that is adapted to treat the problem 
of GMSK SAIC in a blind manner. The resulting receiver 
With the interference mitigation module incorporated therein 
exhibits high performance gain and loW computational com 
plexity While overcoming the problems of the prior art. 

[0046] The interference mitigation mechanism of the 
present invention is suitable for use in many types of 
communication receivers, e.g., digital receivers. A receiver 
incorporating the interference mitigation mechanism of the 
present invention may be coupled to a Wide range of 
channels and is particularly useful in improving the perfor 
mance in GSM and other types of cellular communications 
systems, including but not limited to, Global Systems for 
Mobile communications (GSM), Code Division Multiple 
Access (CDMA, Time Division Multiple Access (TDMA), 
etc. Other Wireless communications systems that can bene?t 
from the present invention include paging communication 
devices, cordless telephones, telemetry systems, etc. These 
types of channels are typically characteriZed by fading and 
multipath propagation With rapidly changing channel 
impulse response. The interference mitigation mechanism of 
the present invention is operative to compensate for the 
co-channel interference added in the communications chan 
nel (e.g., cellular channel) Which is also subject to multipath 
propagation and fading, receiver ?lter and any pre-channel 
estimation ?ltering. 

[0047] To aid in illustrating the principles of the present 
invention, the apparatus and method are presented in the 
context of a GSM EDGE mobile station. It is not intended 
that the scope of the invention be limited to the examples 
presented herein. One skilled in the art can apply the 
principles of the present invention to numerous other types 
of communication systems as Well (Wireless and non-Wire 
less) Without departing from the scope of the invention. 

EXAMPLE COMMUNICATIONS SYSTEM 

[0048] A block diagram illustrating an example commu 
nication system employing an inner and outer encoder in the 
transmitter, inner and outer decoding stages in the receiver 
and the interference mitigation mechanism of the present 
invention is shoWn in FIG. 2. The communications system, 
generally referenced 20, comprises a concatenated encoder 
transmitter 22 coupled to a time-varying, time-dispersive 
additive White Gaussian noise (AWGN) channel (shoWn as 
ISI channel 34 With AWGN nk added 36) and a concatenated 
decoder receiver 40. The transmitter comprises a channel 
encoder 24, optional interleaver (not shoWn), symbol gen 
erator (i.e. bit to symbol mapper) 26, burst (i.e. message) 
assembly 28, modulator 30 and transmit circuit 32 Which 
comprises a transmit pulse shaping ?lter. 

[0049] Transmit data comprising input data bits 52 to be 
transmitted are input to the encoder Which may comprise an 
error correction encoder such as Reed Solomon, convolu 
tional encoder, parity bit generator, etc. The encoder func 
tions to add redundancy bits to enable errors in transmission 
to be located and ?xed. The bits output of the encoder are 
then input to an optional interleaver Which functions to 

Jun. 7, 2007 

rearrange the order of the bits in order to more effectively 
combat burst errors in the channel. The rearrangement of the 
bits caused by interleaving improves the resistance to burst 
errors While adding latency and delay to the transmission. 

[0050] The bits output of the interleaver are then mapped 
to symbols by the symbol mapper. The bit to symbol mapper 
functions to transform bits to modulator symbols from an 
M-ary alphabet. The symbols output from the mapper are 
input to the modulator Which functions to receive symbols in 
the M-ary alphabet and to generate an analog signal there 
from. The transmit circuit ampli?es, ?lters and modulates 
this signal into the desired frequency band before transmit 
ting it over the channel. Up-conversion is necessary for 
transmission over Wireless channels. The transmit circuit 
comprises coupling circuitry required to optimally interface 
the signal to the channel medium. 

[0051] In the example presented herein, the channel is a 
mobile radio channel that suffers from multipath propaga 
tion Which causes frequency selective fading and ISI (i.e. 
time dispersion). Examples include paging, cellular, cord 
less, ?xed Wireless channel, e.g., satellite. The channel may 
also comprise a Wired channel, for example xDSL, ISDN, 
Ethernet, etc. In all cases, it is assumed that AWGN is added 
to the signal in the channel. Furthermore, an interfering 
signal With a similar modulation scheme and similar propa 
gation conditions (i.e. time varying multipath channel) is 
added 38 to the channel. This interfering signal is termed 
here as the co-channel interference Ik. The transmitter is 
adapted to generate a signal that can be transmitted over the 
channel so as to provide robust, error free detection by the 
receiver. 

[0052] It is noted that both the inner and outer decoders in 
the receiver have complimentary encoders in the transmitter. 
The outer encoder in the transmitter comprises the encoder, 
e.g., convolutional, etc. The inner encoder comprises the 
channel itself, Which can be modeled as an L-symbol long 
FIR-type channel. 

[0053] At the receiver, the analog signal from the channel 
is input to RF front end circuitry 42 Which demodulates and 
samples the received signal to generate complex I and Q 
received samples xk. 

[0054] The complex samples are stored in a memory 
buffer, e.g., a RAM buffer, for access by the various pro 
cessing blocks in the receiver, e.g., channel estimation, post 
sampling ?lter, WMF, equaliZer, etc. The equivalent discrete 
time model for the received symbol at the kth sampling 
instant is given by: 

[0055] xk represents the kth received sample; 
[0056] ak_i represents the k-iLh data symbol of the signal 

of interest; 
0057 - re resents the im ulse res onse of the desired [ P P P 
signal channel; 
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[0058] Ik represents the co-channel interference signal; 

[0059] bk_i represents the k-iLh data symbol of the inter 
fering signal; 

[0060] gi represents the impulse response of the inter 
fering signal channel; 

[0061] nk represents the zero mean additive White Gaus 
sian noise (AWGN) component; 

[0062] Lh represents the signal of interest channel 
impulse response length; 

[0063] Lg represents the interfering signal channel 
impulse response length; 

[0064] The symbols are then optionally ?ltered using a 
post sampling ?lter (not shoWn). Note that typical modem 
receivers comprise a rejection ?lter in the Rx front end 
commonly called the receive ?lter. The receive ?lter func 
tions to reject out-of-band noise, e. g., thermal, etc. The effect 
of the transmit pulse shaping ?lter, ISI channel and receive 
?lter is to color the noise. The receiver therefore employs an 
interference mitigation module 56 (comprising interference 
mitigation preprocessing unit 44 and parameter calculation 
module 50) that is matched to the cascade of the transmit 
pulse shaping ?lter, the ISI channel impulse response and the 
receive ?lter and jointly ?lters out the co-channel interfer 
ence elements in terms of a spatial temporal ?ltering. 

[0065] Note that several methods of channel estimation 
and channel order selection are known in the art and suitable 
for use With the present invention including, for example 
US. Pat. No. 6,907,092, entitled “Method Of Channel Order 
Selection And Channel Estimation In A Wireless Commu 
nication System,” incorporated herein by reference in its 
entirety. 
[0066] The inner decoder (i.e. the equalizer) 46 is opera 
tive to generate decisions from the data samples. An 
example of an inner decoder is an equalizer Which compen 
sates for the ISI caused by the delay and time spreading of 
the channel. The function of the equalizer is to attempt to 
detect the symbols that Were originally transmitted by the 
modulator. The equalizer is adapted to output symbol deci 
sions and may comprise, for example the Well knoWn 
maximum likelihood sequence estimation (MLSE) based 
equalizer that utilizes the Well knoWn Viterbi Algorithm 
(VA), linear equalizer or decision feedback equalizer (DFE). 

[0067] Most communication systems must combat a prob 
lem knoWn as Intersymbol Interference (ISI). Ideally, a 
transmitted symbol should arrive at the receiver undistorted, 
possibly attenuated greatly and occupying only its time 
interval. In reality, hoWever, this is rarely the case and the 
received symbols are subject to ISI. Intersymbol interfer 
ence occurs When one symbol is distorted sufficiently that is 
occupies time intervals of other symbols. 

[0068] The situation is made even Worse in GSM com 
munications systems as the GSM transmitter contributes its 
oWn ISI due to controlled and deliberate ISI from the 
transmitter’s partial response modulator. The effects of ISI 
are in?uenced by the modulation scheme and the signaling 
techniques used in the radio. 

[0069] Equalization is a Well knoWn technique used to 
combat intersymbol interference Whereby the receiver 
attempts to compensate for the effects of the channel on the 
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transmitted symbols. An equalizer attempts to determine the 
transmitted data from the received distorted symbols using 
an estimate of the channel that caused the distortions. In 
communications systems Where ISI arises due to partial 
response modulation or a frequency selective channel, a 
maximum likelihood sequence estimation (MLSE) equalizer 
is optimal. This is the form of equalizer generally used in 
GSM, EDGE and GERAN systems. 

[0070] The MLSE technique is a nonlinear equalization 
technique Which is applicable When the radio channel can be 
modeled as a Finite Impulse Response (FIR) system. Such 
a FIR system requires knoWledge of the channel impulse 
response tap values. As described supra, the channel esti 
mate is obtained using a knoWn training symbol sequence to 
estimate the channel impulse response. 

[0071] There exist other equalization techniques such as 
Decision Feedback Equalization (DFE) or linear equaliza 
tion. All these equalization techniques require precise 
knoWledge of channel. 

[0072] In GSM, the training sequence is sent in the middle 
of each burst. As each ?xed length burst consists of 142 
symbols preceded by 3 tail symbols and folloWed by 3 tail 
symbols and 8.25 guard symbols. The 142 symbols include 
a 58 symbol data portion, 26 symbol training sequence and 
another 58 symbol data portion. Since the training sequence 
is sent in the middle of the burst, it is referred to as a 
midamble. It is inserted in the middle of the burst in order 
to minimize the maximum distance to a data bit thus 
minimizing the time varying effects at the ends of the burst. 

[0073] The training sequences comprise sequences of 
symbols generated to yield good autocorrelation properties. 
The receiver control algorithm uses the training sequence, 
received in the presence of ISI, to determine the character 
istics of the channel that Would have generated the symbols 
actually received. GSM uses eight different training 
sequences Whereby the autocorrelation of each results in a 
central peak surrounded by zeros. The channel impulse 
response can be measured by correlating the stored training 
sequence With the received sequence. 

[0074] The MLSE equalizer (also called a Viterbi equal 
izer) uses the Viterbi algorithm along With inputs and an 
estimate of the channel to extract the data. The equalizer 
generates a model of the radio transmission channel and uses 
this model in determining the most likely sequence. An 
estimate of the transfer function of the channel is required by 
the MLSE equalizer in order to be able to compensate for the 
channel ISI e?fect. 

[0075] The MLSE equalizer operates by scanning all 
possible data sequences that could have been transmitted, 
computing the corresponding receiver input sequences, 
comparing them With the actual input sequences received by 
computing the modi?ed metric of the present invention in 
accordance With the parameters and selects the sequence 
yielding the highest likelihood of being transmitted. Con 
sidering that ISI can be vieWed as unintentional coding by 
the channel, the Viterbi algorithm used in the MLSE equal 
izer can be effective not only in decoding convolutional code 
sequences but in combating ISI. Typically, the MLSE equal 
izer comprises a matched ?lter (i.e. FIR ?lter) having L taps 
coupled to a Viterbi processor. The output of the equalizer is 
input to the Viterbi processor Which ?nds the most likely 
data sequence transmitted. 
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[0076] The channel estimate is used by the interference 
mitigation module and the equalizer in processing the data 
blocks on either side of the training sequence midamble. A 
tracking module may be used to improve the performance of 
the receiver. If a tracking module is employed, the equalizer 
is operative to use the initial channel estimate in generating 
hard decisions for the ?rst block of data samples. Decisions 
for subsequent data blocks are generated using updated 
channel estimates provided by the tracking module. The 
equaliZer is also operative to generate preliminary decisions 
Which are used by the tracking module in computing the 
recursive equations for the updated channel estimate. 

[0077] Depending on the particular equaliZer used, the 
output of the equaliZer comprises hard symbol decisions. 
The hard decisions are then input to a soft value generator 
(not shoWn) Which is operative to output soft decision 
information given (1) hard symbol decisions from the inner 
decoder, (2) channel model information h(k), and (3) the 
input samples received from the channel. 

[0078] The soft decision information for a symbol is 
derived by determining the conditional probability of the 
input sample sequence given the hard symbol decision 
sequence. The soft decision is calculated in the form of the 
log likelihood ratio (LLR) of the conditional probability. 

[0079] The noise variance of the channel also used by the 
soft value generator in generating the soft information. A 
soft symbol generator suitable for use With the present 
invention is described in more detail in US. Pat. No. 
6,731,700, entitled “Soft Decision Output Generator,” incor 
porated herein by reference in its entirety. 

[0080] The log likelihood ratio is de?ned as the ratio of the 
probability of a ?rst symbol With a second symbol Wherein 
the second symbol is a reference symbol. The reference 
symbol is arbitrary as long as it is used consistently for all 
the soft output values for a particular time k. The reference 
symbol can, hoWever, vary from time k+l, k+2, etc. Pref 
erably, hoWever, the reference is kept the same throughout. 

[0081] Note that a hard decision is one of the possible 
values a symbol can take. In the ideal case, a soft decision 
comprises the reliabilities of each possible symbol value. 
The soft decision comprises a complete information packet 
that is needed by the decoder. An information packet is 
de?ned as the output generated by a detector or decoder in 
a single operation. 

[0082] The soft decision information output of the equal 
iZer (or soft value generator) is input to the outer decoder 48 
Which is preferably an optimal soft decoder. The outer 
decoder functions to detect and ?x errors using the redun 
dancy bits inserted by the encoder and to generate the binary 
receive data. Examples of the outer decoder include convo 
lutional decoders utiliZing the Viterbi Algorithm, convolu 
tional ForWard Error Correction (FEC) decoders, turbo 
decoders, etc. Soft input Viterbi decoders have the advan 
tage of efficiently processing soft decision information and 
providing optimum performance in the sense of minimum 
sequence error probability. 

[0083] Note that optionally, a de-interleaver (not shoWn) 
may be used in the receiver (and correspondingly in the 
transmitter). In this case, a symbol based interleaver/de 
interleaver is used to reconstruct the original order of the 
data input to the transmitter. If a bit based interleaver/de 
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interleaver is used, a mechanism of mapping soft symbols to 
bits must be used before the outer decoder, such as described 
in US. Pat. No. 6,944,242, entitled “Apparatus For And 
Method Of Converting Soft Symbol Information To Soft Bit 
Information,” incorporated herein by reference in its 
entirety. 

GMSK Receiver Demodulator 

[0084] A block diagram illustrating the signal How of a 
typical GSM receiver demodulator is shoWn in FIG. 3. A 
received GMSK signal may be considered as a rotated 
BPSK signal With signaling of :1 at each time interval T. 
The BPSK signal is rotated counterclockWise in the IQ plane 
by 313/ 2 radians every signaling time interval T. The operation 
of a preferred GMSK receiver demodulator, generally ref 
erenced 60, is as folloWs. First, the signal received from the 
RF front end circuit is ?ltered by the Rx ?lter 62, then 
sampled (block 64) With a T/m sampling period (i.e. sam 
pling at m points Within each signaling interval). De-rotation 
is then applied (block 66) in order to cancel the rotation 
implemented at the transmitter, resulting in a BPSK modu 
lated signal Which is subject to inter-symbol interference 
(ISI). Eventually, the reconstructed BPSK signal feeds an 
equaliZer 68, designated to cancel the ISI and simulta 
neously decode the original BPSK signal. 

[0085] A motivation for the proposed interference mitiga 
tion mechanism is that the GMSK signal modulates :1 
symbols from a real constellation. Hence, the signal resides 
along a single axis in the complex plane. The received 
signal, hoWever, comprises multiple branches conveying 
this signal. These branches can be (1) the in-phase and 
quadrature elements of the signal, (2) the sampling phases if 
over-sampling (i.e. T/m sampling) is applied and (3) signals 
from multiple antennas. Thus, it is advantageous to take into 
account the spatial diversity provided by these multiple 
representations of the signal and to collapse or combine the 
information in the branches into a one (or tWo) branches that 
feed the equaliZer. 

[0086] It is important to note that the interference mitiga 
tion mechanism of the present invention is not limited to real 
constellations as in the case of BPSK and offset BPSK, or to 
non-linear modulation, e.g., GMSK, that can be approxi 
mated as linear modulations mentioned above. Complex 
constellations also bene?t from applying the interference 
mitigation mechanism of the present invention to multiple 
representation of the received signal. In this case, over 
sampling and multiple antennas provide the multiplicity of 
representation and in-phase and quadrature signals comprise 
a single complex branch. 

Interference Mitigation Module and GMSK 
EqualiZer Architecture 

[0087] A block diagram illustrating the interference miti 
gation module and equaliZer of the present invention With 
blind SAIC is shoWn in FIG. 4. The interference mitigation 
module (or SAIC module) 70, coupled to a conventional 
GMSK equaliZer 76, comprises an interference mitigation 
preprocessing unit 72 and parameter calculation unit 74. In 
accordance With the invention, the SAIC module is adapted 
to be an add-on unit applied to the input of a conventional 
GMSK equaliZer. In addition, both the equaliZer and the 
pre-processing unit are supported by a parameter calculation 




















